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ABSTRACT
Strength and behavior of shallow foundation on rock have been based on uniaxial
compressive strength of intact rock sample in which is formulated as the bearing
capacity of rock mass. Literature studies showed that the empirical correlations of
bearing capacity of the rock mass were developed from a single type and isotropic
rock. This research work is to assess and determine the bearing capacity and
behavior of shallow footing on anisotropic and heterogeneous rock mass such as
interbedded Kenny Hill formation, its established state as sedimentar y weak rock, its
constitutions of weathered sandstone and shale. The laboratory study was
complemented by finite difference numerical analysis in order to achieve the
objectives. From the Kenny Hill site assessment carried out, the rock masses were
classified into Grades II, III, and IV for sandstone and Grade III for shale. The
interbedding nature of the rock mass is named as composite rock sample, modeled in
such whereby shale is sandwiched with sandstones b y the thickness of 10% to 50%
of the total height and is prepared for laboratory compressive testing and numerical
simulation. The finite difference analysis using FLAC v 5.0, was conducted to
anal yse the influence of bedding orientation, and material stiffness to the strength of
the composite rock. A simulation of shallow footing on composite rock models at
different environment was performed accordingly. Subsequently, the distribution and
intensity of stresses within the composite model, mode of failure and bearing
capacity between the observed experimental result and numerical analysis were
analysed. It prevailed that the presence of shale decreased a global strength and
elastic modulus of composite by 40% to 70% depending on the composition andS weathering grade of the constituent. Based on the developed charts and corrected
rules of mixture law, the strength and elastic modulus of the composite can be
predicted accordingly. It also demonstrates that the inclined bedding composites
present the lowest strength at the inclination angle of 32°. The ultimate bearing
capacit y was found to be approximately 0.4 of uniaxial compressive strength of rock
material. Conclusively, the presence of shale in rock mass dominating by sandstone
influenced the stress distributions. modes of failure, stress intensity, and deteriorates
the bearing capacity of the rock mass.
I]
In
ACKNOWLEDGEMENTS
I would like to express my deep and sincere gratitude to my supervisor. Professor Ir.
Dr. Zainab Mohamed, Dean of the Faculty of Civil Engineering, liniversiti
Teknologi MARA. Her wide knowledge and her logical way of thinking have been
of great value for Inc. Her understanding, encouragement and personal guidance have
provided a good basis for the present thesis.
I am deeply grateful to my Co-supervisor, Associate Professor Dr. Mohd.
Jamaluddin Md. Nor for his important support throughout this work. I wish to
express my warm and sincere thanks to my joint-supervisor. Associate Professor Dr.
Gye Chun Cho, who who gave me the opportunity to work with them at the Korean
Advanced Instituteof Science and Technology in South Korea and gave me untiring
help during my difficult moments. I owe my most sincere gratitude to Assis. Prof Dr.
Ki-11 Song from KAIST whose gave me important guidance during my first step into
numerical studies.
I warmly indebted m y colleagues Harvati. Juraidah. Shamiruddin and Norasyikin for
their friendl y help. Their extensive discussions around my work and interesting
explorations in operations have been very helpful for this stud y . Appreciation is also
extended to En. Muhammad Azhar and En. Mohd. Ismail for their assistance during
the laboratory session.
Finally, my special gratitude is to my beloved wife Kasuma, m y sons Aizuddin,
Aizat and Aiman and my daughters. Arnira. Atiqah and Athirah. They have lost a lot
due to my research. Without their encouragement and understanding it would have
been impossible for me to finish this work.
The financial support of the Universiti Teknologi MARA and the Ministry of
Science and Technology under the research grant of 06-0I-01-SF0072 are gratefully
acknowledged.
4
IV
TABLE OF CONTENTS
Page
DECLARATION
	
II
ABSTRACT
	
111
ACKNOWLEDGEMENTS
	 iv
TABLE OF CONTENTS
	
V
LIST OF TABLES
	
X1
LIST OF FIGURES
	
xiii
LIST OF PLATES
	
xxi
LIST OF ABBREVIATIONS
	
xxii
CHAPTER 1: INTRODUCTION
1.1	 Background and Rationale of the Study
1.2	 Aim and Objectives	 4
1.3	 Scope of Study
	 4
1.4	 Significance of Study
1.5	 Thesis Organisation
	 7
CHAPTER 2: SHALLOW FOUNDATION ON ROCK
2.1	 Prediction of Bearing Capacity
	 9
2. 1 . I Bearing Capacity Based on Mohr-Coulomb Failure Criterion
	 10
2.1.2 Bearing Capacity Based on Iloek-Brown Failure Criteria
	 16
2.1.3 Bearing Capacity Based on Rock Strength
	
22
2.1 .4 Bearing Capacity Based on Rock Mass Classification
	 26
2.1.5 Bearing Capacity According to Condition of Joint
	 32
2. 1 .6 Presumed Value of Bearing Capacity
2.1 .7 Influential Factors on Bearing Capacity
	 40
2.2	 Bearing Capacity Failure Modes in Rock
	 42
2.2.1	 Failure in Isotropic Rock
	 42
2.2.2 Failure in Steeply Dipping Rock Mass
	 43
2.2.3 Failure in Jointed Rock Mass
	 44
2.2.4 Failure in Fractured Rock Mass
	 44
2.2.5 Failure in La yered Rock
	 45
2.3	 Stresses under Footing
	 47
2.3.1 Stress Induced in Isotropic Rock Mass
	 47
2.3.2 Stress Induced in Jointed Rock Mass
	 48
V
